This paper presents detection, identication and quantication of gases using an infrared imaging Fourier--transform spectrometer. The company Telops has developed an imaging Fourier-transform spectrometer instrument, Hyper-Cam sensor, which is oered as short or long wave infrared sensor. The principle of operation of the spectrometer and the methodology for gases detection, identication and quantication has been shown in the paper, as well as theoretical evaluation of gases detection possibility. The variation of a signal reaching the imaging Fourier-transform spectrometer caused by the presence of a gas has been calculated and compared with the reference signal obtained without the presence of a gas in the imaging Fourier-transform spectrometer eld of view. Some result of the detection of various types of gases has been also included in the paper.
Fourier-transform spectrometers (FTS) are renowned instruments, particularly well-suited to remotely provide excellent estimates of quantitative data. Many authors have presented how they are using conventional (non-imaging) FTS to perform quantication of distant gas emissions. Amongst others, we should mention the important contributions made by Harig et al. [1, 2] .
His group performed many measurement campaigns for which they obtained excellent results by ensuring proper modeling of the scene and by paying attention to understand (and to take into account) the instrument signature. Other groups developed similar approaches however limiting their study to optically thin plumes [3, 4] to dedicated instruments performing optical subtraction (463) [5, 6] , or introducing Bayesian algorithms to maximize the use of a priori information [7] . On the other hand, detection and quantication activities with an imaging Fourier-transform spectrometer (IFTS) have been rst presented by Spisz et al. [8] .
The present paper deals with the remote gas identication and quantication from turbulent stack plumes with an IFTS. It presents rst the modeling that is required in order to get an appropriate understanding of both the scene and the instrument. Next it covers the methodology of the developed quantication approach. Finally, results are presented to demonstrate the capabilities and the performances of the remote gas quantication by using hyperspectral data obtained from the Telops HyperCam. The latter is described in much detail in prior Refs.
[912]. and 1290 cm −1 (7.75 µm) at a frame rate of 0.2 Hz. In addition to the infrared data, visible imagery was taken using a rewire camera that is boresighted to the IR sensor. Figure 1 shows a picture of a Hyper-Cam LWIR. The sensor is controlled by eld computer and data is stored on a RAID drive to guarantee integrity of data [13] .
The main dierence between the standard and imaging interferometer is the application of FPA detector type.
The imaging device can be described as classical interferometer multiplied by the number of pixels in the array. As a result the spectral analysis of interferograms at single pixels gives the spectral information of the entire image. The spectral distribution for an entire image is obtained by performing the analysis according to (2) The main dierence between standard and imaging interferometer is the application of FPA detector type.
The imaging device can be described as classical interferometer multiplied by the number of pixels in the array. As a result the spectral analysis of interferograms at single pixels gives the spectral information of the entire image. The analysis of incident radiation at pixel level is identical for every array element. The change in amplitude as a result of optical path dierence x, for λ i wavelength is given by
Detector response is proportional to the radiant intensity of incident radiation
Considering the trigonometric relations for the cosine of double angle and by limiting the analysis to variable component only, the radiant intensity as the function of op-tical path dierence can be written as
For the sources with continuous radiation characteristics in the range from λ 1 to λ 2 , whose spectral characteristics is described by a function S(λ), the radiant intensity can be described as
Typical interferogram is shown in Fig. 3 . The curve illustrates radiant intensity as the function of the translation of M 2 mirror. Maximum of the output signal is achieved for identical lengths of optical paths (x = 0).
Fig. 3. Sample interferogram.
Spectral distribution for a given pixel detector can be recreated using inverse Fourier transform, by calculating the integral
In practical applications the optical path dierence is realized in the nite, symmetrical range ±d, so the relation (5) assumes the following form:
The spectral distribution for an entire image is obtained by performing the analysis according to (6) (7) and (8) express this symbolically
Here, a is a weighting vector to be estimated and T is a matrix of k targets: [t 1 , t 2 , t 3 , . . . , t k ]. It is assumed that the noise component has a mean value of zero and covariance C.
The basic idea behind the clutter-matched lter (CMF) is to minimize the response to the unknown background signatures while accentuating the response to the target spectrum. To do so, the following mathematical
where q i is the CMF related to the i-th target t i taken from the matrix of targets T and the N × N estimated covariance matrix, C, is given by Eq. (10):
Here, x i and µ are, respectively, the spectrum of the i-th pixel and the mean pixel of the scene and M is the number of pixels from the image used to estimate the covariance. This model falls under the stochastic methods category.
The signal to clutter ratio is simply calculated with The CMF is normalized so that, when the signal is absent, the probability density function of the ltered image has a standard deviation of 1. The score of each pixel denotes the number of standard deviations that this pixel parts from zero. As can be ascertained with Eq. (9) When the target mean is known, it is possible to use the spectral angle mapper (SAM, or, as it will sometimes be called in this article, the correlation coecient) to detect the presence of targeted species. As its name indicates, SAM is an algorithm that computes the angle formed by the projection of a target on an image pixel x i t = x i t i cos(θ) (12) or, in a more common form cos(θ) = x i t x i t . 
